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Research Objective: 
The mobility of many contaminants is redox sensitive and thus related to the reduction-
oxidation characteristics of the environment.  Immobilization of certain contaminants 
(e.g., chromium, uranium, and technetium) can be achieved by reducing the contaminant.  
One remediation approach to achieving this is the application of diluted hydrogen sulfide 
gas mixtures, which may have particular value in vadose zone applications.  Previous 
work has shown this approach to be viable for Cr(VI) remediation of soil waste sites.  
The primary objective of the current research is to assess the potential of in situ gaseous 
treatment to the immobilization of U(VI) and Tc(VII).  This work also addresses basic 
science aspects of understanding the redox-related aspects of the mobility of these 
contaminants in the natural environment, thus providing a mechanistic-based 
understanding needed to successfully achieve remediation.   
 
Research Progress and Implications (PNNL): 
As of the third year of a three year project, PNNL has completed laboratory and modeling 
work regarding the mobility of uranium as its contribution.  Immobilization of hexavalent 
uranium [U(VI)] by hydrogen sulfide (H2S)-treated soil was investigated using laboratory 
column experiments to assess the potential of applying in situ gaseous reduction (ISGR) 
under vadose conditions to uranium remediation. Soil from the Hanford Formation in the 
U. S. Department of Energy (DOE) Hanford Site, Washington was used in this study. The 
impact of water chemistry and soil treatment on U(VI) immobilization and the role of gas 
humidity on soil treatment were investigated.  The study revealed that soil uptake of 
U(VI) from deionized water was much higher than that from the simulated Hanford 
groundwater.  Nevertheless, gas treated soil was still shown to have the potential for 
immobilizing U(VI) from the simulated ground water.  In addition, soil treatment output 
indicated that humidity enhanced the soil reduction.  In the first 20 pore volumes, the soil 
treated with moisturized H2S gas can effectively immobilize more than 80% of the 
mobile U(VI).  Primary mechanisms for U immobilization included U(VI) sorption to the 
sediments, reduction of U(VI) to insoluble U(IV), and enhanced adsorption of U(VI) to 
newly formed iron oxides.  Remobilization of uranium upon reoxidation of the sediment 
was relatively insignificant under the experimental conditions applied, apparently owing 
to the enhanced adsorption of uranium to poorly crystallized hydrous ferric oxide 
products. 
 
Additional work conducted this past year also included modeling and analysis of 
laboratory column test results to develop a basis for predicting the lifetime of a vadose 
zone permeable reactive barrier generated by H2S-treatment.  Continued monitoring of a 
long-term experiment was also undertaken to investigate the potential for reoxidation of 
chromium in H2S-treated soil. 
 
Planned Activities: 
No additional research activities are planned at PNNL at this time since FY 2006 was the 
final year of funding for the project. 
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Optional Additional Information: 
PNNL staff have extensive experience in developing and implementing technologies, 
including in situ gaseous reduction, at DOE and DoD sites.  Several possible applications 
of gaseous treatment at the Hanford Site have been identified.  Direct treatment and 
reduction of Cr(VI) contamination has been proposed.  This application may be 
considered in the near future since vadose zone Cr(VI) contamination has been recently 
identified in the 100 Areas at Hanford.  Immobilization of Tc(VII) at the BC Cribs has 
also been discussed with Fluor Hanford staff, possibly in conjunction with vadose zone 
drying.  The objective of this approach is to establish a permeable reactive barrier in the 
vadose zone through reduction of soil iron oxide phases with hydrogen sulfide.  The 
generation of a dry and reduced zone would serve to immobilize Tc-99 in solution 
infiltrating the site from surface facilities and thus protect underlying groundwater 
resources. 
 
